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ABSTRACT 



The Naval Postgraduate School’s (NPS) Space Systems Academic Group is 
developing the Petite Amateur Navy Satellite (PANSAT). a small satellite for digital 
store-and-forward communication in the amateur frequency band. This thesis describes 
the design and the analysis of the communication payload housing of PANSAT. 

The payload consists of four circuit boards. The main challenge is to provide 
enough stiffness and minimize electromagnetic interference within the small amount of 
space determined by other parts surrounding the housing. The design of this particular 
housing is especially demanding and requires paying a lot of attention to details. Many 
factors, including launch loads, board weight, component size, orientation, and mounting 
must be considered. 

A particular aspect of this housing is the fact that there are an unusual number of 
electrical connectors involved in this design. Complicating this issue is the extreme 
physical constraint imposed by the configuration of the satellite. 

The structure as well as the boards are analyzed using classical hand calculation methods 
and more sophisticated methods, using SDRC® I-DEAS design software. In addition, a 
finite element analyses is performed using the I-DEAS finite element application which 
allows to model all structures in great detail mathematically. It also permits to examine 
the behavior of these structures under all possible load conditions, static as well as 
dynamic. 

Another important aspect of this design is to guarantee manufacturability. The 
complexity of this housing makes it mandatory that the design be carried out in close 
cooperation with the machinist who is responsible for the actual manufacturing of these 
parts. 

The analysis results show that the structure of the housing is very robust and most likely 
will accommodate all the requirements. 
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I. 



INTRODUCTION 



A. BACKGROUND 

PETITE NAVY AMATEUR SATELLITE (PANSAT) 

PANSAT was initiated in 1989 to provide interdisciplinary educational 
opportunities in space related areas to prepare postgraduate students for follow-on work 
in space systems acquisition and design, and to develop a cadre of engineers and 
technicians at the Naval Postgraduate School (NPS) capable of developing and producing 
space qualified hardware. The current PANSAT design ( Fig. lA) is the result of five 
years of research by NPS thesis students and the personnel of the Space Systems 
Academic Group (SSAG). 




Figure lA. PANSAT 



The payload will be a direct sequence spread spectrum differentially coded, binary 
phase shift keyed (BPSK) communication system with an operating frequency of 436.5 
MHz. The store and forward communication will allow amateur radio operators to send 
and receive messages during several short communication windows each day. 

The spacecraft weighs approximately 150 pounds, has a diameter of about 19 inches, and 
is being designed to launch as a secondary payload from the space shuttle as part of the 
Hitchhiker Program. PANSAT has no attitude control and will tumble freely. Operational 
life is expected to be two years. PANSAT will orbit at an inclination between 28.5° and 
51.6° and an altitude between 160-220 nautical miles which will provide sufficient 
coverage for up to ten minutes of communication between the spacecraft and NPS. The 
launch sequence as a Complex Autonomous Payload (CAP) is shown in Fig. 1. A 
pictorial presentation of the mission is shown in Fig. 2 [Ref 6]. 
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Figure 2. PANSAT Mission Overview 



The PANSAT structure is made of aluminum 6061-T6 and built around a main 
load bearing cylinder connected to the lower equipment plate. The satellite is a tumbler, 
and since maximizing surface area increases power generation the solar panels are 
mounted on the space craft skin. A 26-sided polyhedron was the chosen configuration. 
PANSAT has three major subsystems: 

- the Electrical Power Subsystem (EPS) 

- the Digital Control Subsystem (DCS) 

- the Communication Subsystem (COMMS) 

The COMMS will be placed in the housing designed and analysed in this thesis. 
The stmcture is about 19 inches wide as shown in figure 3. 




Figure 3. PANSAT Configuration 
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B. 



SCOPE OF THESIS 



The core of the thesis was to design and test the housing of the communication 
payload, called the RF- HOUSING. The RF-Housing is fully enclosed and will be 
attached to the lower equipment platfomi. The main problems are the small space, EMI 
shielding and how to fit everything together. Additionally, theoretical structural analysis 
was contucted to test the structural stiffness. The communication payload includes four 
circuit boards which have the following names: 

- the POWER-BOARD, which supplies the entire RF unit with power 

- the RF-BOARD, which is the biggest board due to two oscillators, which are mounted 
on it. The oscillators are the largest components used inside the housing. 

- the LNA-BOARD, which houses low noise amplifiers 

- the HPA-BOARD, on which high power amplifiers are mounted 
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II. Structural Design 

A. Requirements 

1. Launch Environment 

Launch loads for the Shuttle are due to the acoustic environment of the payload 
bay and thrust forees. The structure has to withstand launeh loads, shocks, ground 
qualification and acceptance test loads and on-orbit loads. 

All components lighter than 20 lb. must be able to withstand a load vector of 40 g’s in 
the most critical direction and 20 g’s in all other direetions as well as have a natural 
frequency of 35 Hz or greater ( desirable to have the lowest frequency above 50 Hz). If 
the predicted natural frequency is below 100 Hz its lowest cantilevered frequency has to 
be verified by test [Ref. 1 ]. 

The minimum frequency requirements are imposed in order to decouple the 
spacecraft main resonance from the launch vehicle dynamic excitation, thus maintaining 
the spacecraft dynamic response to within aeceptable limits and limiting the 
environmental impaet on the equipment. Meeting minimum frequency requirements 
greatly simplifies the structure design and increases the overall spacecraft weight in 
general. 

The equipment shall be subjected to structural testing at 1 .25 times the limit loads 
and show positive margins of safety by analysis at 1.4 times the limit load for all ultimate 
failure modes such as material fracture or buckling. Alternatively the customer may 
qualify the equipment by analysis alone by showing positive margins of safety at 2.0 
times the limit loads for material yield and 2.6 times the limit loads for ultimate failure 
modes. 

English units are used mainly because of their use in aerospace industry and from 
vendor information on aluminum. 
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Figure 3a. PANSAT Configuration 

2. Envelope 

The size of the housing is limited by the lower equipment plate, the baseplate, the 
support cylinder and the solar panels (Fig. 3), which leads to an envelope shown in 
Appendix C. The RF housing was desiged into the top portion of this envelope, mounted 
to the lower equipment plate, to provide enough space for a filter and a relay and other 
components located under the lower equipment platform. Also connecting the solar 
panels (5) under the RP housing to the housings above the lower equipment platform had 
to be considered, as well as the connecting wires from the micro switches at the bottom of 
the satellite. 

The design of the housing was initiated by going to the envelope edge directly 
below the lower equipment plate as far as possible and providing as much space as 
possible for the boards. As a result the distance between the housing and the solar panels 
approaches at its narrowest point 0.2 inches. Therefore a feed through of parts between 
the panels the and housing is not recommended. Connectors and cables are brought 
through the housing itself This makes joining in the end easier but also causes 
interference problems. 
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3. Electromagnetic Interference (EMI) 



Electromagnetic Interference (EMI), also called noise, is an issue which can be of 
great concern in electronic systems. Circuits operating in close proximity to each other 
may affect each other negatively, perhaps to the point where the system containing the 
circuits does not work . The exact manner in which circuits interfere with each other is 
difficult to predict. Actual testing with all systems in full operation is needed. 

While it is difficult to know if circuits will interfere with each other, there are 
several points which should be considered during the design to minimize any potential 
EMI issues. The designer may consider these points and incorporate them during the 
process, or may ignore them and then analyze the finished product for noise effects. The 
first method is referred to as the “systems approach”. The second method is called the 
“crisis approach”. Examining EMI with the “systems approach” is recommended. It is 
usually much easier and less expensive to correct potential problems at this point than to 
put a “Band-Aid” on problems discovered after the design is complete [Ref 3]. 

The RF-Housing contains four boards which appear to be EMI sensitive 
components, or significant noise sources. This will not be verified until testing. Because 
of this, a systems approach is used here to include EMI reduction features in the design to 
minimize any potential problems. Actual testing will be needed to confirm that no EMI 
problems exist. 

EMI Shielding 

To reduce EMI, shielding may be used. A shield is defined as a metallic partition 
placed between two regions of space [Ref.2]. It contains EM fields by surrounding the 
noise source. This helps provide protection for EMI susceptible equipment outside the 
source. It also helps keep radiation generated by other subsystems out. Shielding will 
minimize radiation effects, but precautions must be taken with cabling passing through 
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the shield. Cabling can easily conduct noise into or out of the system, which can make the 
shield virtually useless. The effect of a shield is a function of the material used and the 
presence of any holes or discontinuities. The PANSAT RP boards are enclosed in the 
housing. This housing meets primarily structural needs and also serves as a shield. 

Shielding Material 

As the EM wave propagates, it will impinge the shield and will be reflected and 
transmitted. The amount will depend on the material used. The energy transmitted will 
also be attenuated which is referred to as absorption loss. Absorption loss will increase as 
shield thickness increases. 

A key factor is the skin depth of the EM wave. Skin depth is the distance the wave 
will travel until it has been attenuated to 37% of its original value. If the shield is at least 
as thick as the skin depth, a significant amount of the EM wave will be absorbed . Skin 
depth is a function of frequency and material. 

All of the RE housing walls are at least 0.0625 inches thick. Most are thicker than 
this; for example the beams between the boards are 0.125 inches thick. From Table 1 it 
can be seen that the housing absorbs a considerable amount of EM energy except at the 
lowest frequencies. 



Frequency (Hz) 


Skin Depth (mils) 


1,000.0 


3.0 


100.0 


11.0 


10.0 


33.0 


1.0 


105.0 



Table 1. Frequency and Skin Depth 
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Conclusion 



All boards in the RF housing are multilayered and have ground and power planes. 
Most of the circuitry is analog and only a small portion is digital. This will significantly 
reduce the noise effects they experience and cause. Many of the problems increase with 
speed. The logic used by the digital portion is CMOS, which is fairly slow. Digital 
circuitry is most susceptible at speeds above 10 MHz, and PANSAT operates at less than 
1 MHz [Ref 3]. 

Another device used by the RF system to minimize noise are ferrite beads. These 
beads are used to prevent noise generated by the digital circuitry from getting to the 
analog circuitry via conduction. Ferrite is a generic term for a class of non-conductive 
materials. The ferrite beads are particularly effective in damping out high frequency 
oscillations generated by switching transients. Because the RF system is mainly analog, 
uses multilayered boards with a ground plane and power plane, and uses ferrite beads, 
noise is not expected to be a problem. 

Should EMI problems occur, EMI gaskets could be added between the lid and the 
housing along the walls separating the boards. Gaskets all around the edges of the pockets 
are not possible because the thickness of the side walls of the housing are only 0.065 
inches, where it faces the cylinder support and the triangular panels. 
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B. MANUFACTURING 



The mechanical design of the housing was dictated by the small space available 
and the concern of EMI shielding which lead to unusual circuit board shapes that ideally 
should be rectangular. The manufacturing of only one housing instead of four 
independent ones was chosen because the latter one would have been far more 
complicated and would have caused problems while fitting the parts together. 



1. RF Housing 

The RF housing is designed to support four electrical boards of different size and 
weight. It is made is made as a single part to help reduce problems when the parts are 
fitted together. For the design, aluminum 6061 - T6 is being used throughout, which has a 
high strength-to-weight ratio and good machining properties. 

The whole structure has a minimum thickness of 1/16 in. and 4-40 screws are 
being used for fastening, providing a sufficient margin of safety as demonstrated in 
Appendix A. The housing will be milled out of a 14.2x14.2x1.235 inch piece of 
aluminum. Four main pockets, 14 through-holes and 89 holes will be have to milled. The 
maximum pocket depth will be .815 inches which could lead to complications while 
milling the part; but the depth increases in steps because all the pockets are surrounded by 
edges that are at least 0.25 inches wide to provide enough material for the attachment of 
the boards to the housing. Therefore the longest end-milling-distance will be 0.45 inches. 
To provide enough room for the circuit boards all comers will have to be as acute as 
possible. This is dictated by the machining equipment and the smallest end-mill being 
used, which will have a radius of 0.125 inches. The mechanical drawing in Appendix C 
gives the coordinates of all the edges that will have to be milled step by step, cutting the 
pockets deeper and deeper. The bottom thickness of the housing is only 0.07 inches and 
therefore very sensitive to displacement during the milling process. The five “tunnels" 



located at the inner part of the housing will support the board and leave an opening to 
attach SMA-connectors from the bottom of the housing directly to the boards (and 
provide EMI shielding ) after the boards and the lid have been joined with the housing. 
The thickness of these tunnels can be changed. Around the mounting holes of the boards 
there has to be enough material and enough space has to be provided to connect the 
cables to the boards. This design makes the testing after assembly a lot easier. 




Figure 4. RF Housing 
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2. Lid 



A lid is added to provide enough EMI shielding between the boards. Three 
tunnels, each 0.1 inches thick and 0.2375 inches long, protect the SMA-Cormectors 
(coaxial cables) and a 25-PIN-Connector. It also supports two connectors that connect 
parts below and above the housing ( see Chapter C. 1 .) ). 

For the most part, the lid is only 0.065 inches thick, which is more than sufficient 
to provide enough stiffness (see results), but nearly too thin concerning 
manufacturability. A lot of caution will have to be taken in milling this because an 
increase in temperature could cause bending or small fractures. Since the main task is 
EMI shielding the lid has to fit perfectly between the housing and the equipment plate. 




Figure 5. RF Lid 
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3. RF Board 



The RF board is the biggest circuit of the four boards and will be mounted in 
pocket “E”(Appendix C). As with the other boards, the components will be located 
upside down between the board and the bottom of the housing. The largest components 
are the two oscillators. Two pockets were designed ( 2 x 3 x 1.165 inches) to surround 
them producing natural shielding as well as providing enough space. The location of the 
connector cutout as well as the mounting holes of the boards to the housing have to be as 
precise as possible or problems might occur when fitting the parts. The RF Switching 
Schematic ( Appendix D ) shows all components being attached to the board. 



4. HPA Board 

The HPA board houses two high power amplifiers (Appendix D / HPA 
Schematic) that will be located between the board and the elevation in the middle of 
pocket “G”. The gap of 0.07 inches has to be precise. The location of the connector 
cutout near may be varied as long as the location of the filter for the antenna is considered 
and does not interfere. 



5. LNA Board 

Pocket “F” houses the smallest board within the RF housing. The PC board 
consists of only three components ( Appendix D / LNA Schematic ). Under it the antenna 
relay will be located because the cable going from C7 (Fig. 7) to the relay has to be as 
short as possible. Every added length causes more noise. Therefore the connector cutout 
can only be changed, very little. 
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6. POWER Board 



Changes of the shape of this PC board are very probable because the design of the 
switching schematic has not yet been completed. The antenna filter will be mounted 
below this board which dictates the locations of the two connector out cuts. 



C. ASSEMBLY 



The four boards must be attached to the housing, and the housing as a whole must 
be attached to the lower equipment plate. Screws are used for this purpose. The screws 
had one of the largest impacts on the dimensions of the housing. Edges 0.25 inches wide 
had to be made to support the circuit boards and walls had to be made thicker than 
structurally required in order to provide space for the screws to be inserted with enough 
room on either side of the screws to maintain structural integrity. 4-40-screws are used 
throughout the structure. 4-40-flat-head-screws are used to fix the lid to the housing and 
4-40-socket-head-screws are used to attach the boards to the housing as well as the 
housing to the lower equipment platform. The 4-40-screws have a 0.112 inch shaft 
diameter with 40 threads per inch. Socket heads were selected because they are easier to 
work with when loosened or tightened. The flat-head-screws are needed because the lid is 
located between housing and equipment plate where only a gap of 0.065 inches is 
available. All holes, except the ones where the lid is mounted to the housing, are through 
holes. But all have an opening to the top as well as to the bottom so that any material 
loosened by the screw as it is inserted can fall through and there are no blind holes which 
volume might cause trouble under vacuum conditions, when expanding in lower pressure 
conditions. The boards and the lid will be joined to the housing before the housing is 
attached to the lower equipment plate. The screws fastening the lid and the boards to the 
housing will end up in locking helical coils 0.145x0.168 inches big. The outer screws 
attaching the housing to the equipment plate will counter bore into the equipment plate 
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(0.15 inches deep and 0.225 inches in diameter ) with split washers (0.209x0.031 inches) 
and end in locking helical coils in the housing 0.145x0.168 inches ( Fig. 6). The interior 
screws (5) are one inch long, counter bored into the RP housing (0.14 inches deep and 
0.225 inches in diameter ) with split washers added to them and end in locking helical 
coils (0.145x0.224 inches) in the equipment plate leaving at least 0.066 inches to the top 
of the equipment plate. This is required so that the DCS housing does not interfere with 
the tip of the screws. Split washers are used to keep the diameter of the counter bores and 
edges as small as possible. Other washers could have caused interference problems with 
other holes or parts. 




circuit boord 



helical coll 



equ I pmen t p I o t e 



1 . 1 85 i n 












washer 




i d 



hou s i ng 



4-40 Socket Screw 
1 i nch 



Figure 6. Attachments 
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The following screws, helical coils and washers will be needed to join the boards, 
the lid, the housing and the equipment plate: 



Amount 


Screw / Helical Coil / Washer Type 


Length (inches) 


12 


4-40/82' Flat Head ( mounting the lid to the housing ) 


0.375 


55 


4-40 Socket Head (mounting the boards to the housing) 


0.375 


16 


4-40 Socket Head (mounting the housing to the 
equipment plate ) 


0.5 


5 


4-40 Socket Head (mounting the housing to the 
equipment plate ) 


1.0 


83 


1.5 DIA helical coils 


0.145 X 0.168 


5 


2 DIA helical coils ( for the 1 -inch-screws ) 


0.145 X 0.224 


88 


Split washer 


0.209x 0.031 



Table 2. Screws, Helical Coils and Washers 
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Assembling the parts in the end 



After all housings are ready to be joined, the following “mounting order” is 
recommended for the lower part of PANSAT; 

• attach the RP housing to the lower equipment plate (LEP) 

• mount the cylinder support to the LEP 

• attach the DCS and the Battery housings to the LEP -» block 1 

• Join all parts under the LEP (except the cylinder support and the RF housing) -» 
block 2 

• join block 1 and block 2 

The main problem will be that block 1 and block 2 are both having wires attached 
to “P8” (Fig.8); therefore, working with spacers will be necessary. 
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1. CABLES AND CONNECTORS 



Instead of having hundreds of wires connecting the boards in a confusing way, 
connectors are being used to make the joining easier as well as to minimize the danger of 
wires being damaged or accidentally miss connected. 




Figure 7. Connection Schematic 

PI is a 25-pin-connector mounted at the POWER circuit board. It supplies the RF 
housing with power and enters the housing through an opening in the equipment plate 
and the lid. The lid provides additional EMI shielding by a 0.1 inch thick wall 
surrounding the connector. 
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P2 and P3 are both 25-pin-connectors connecting the POWER circuit board with 
the other boards and are mounted at the bottom of the RF housing. 

P4, P5, P6 and P7 are 15-pin-connectors mounted to the bottom of the RF 
housing and originate in P3 or P2, except for the temperature sensor wires which go to 
P8. 



P8 and P9 are mounted to the lid of the RF housing and are not attached to any of 
the circuit boards directly. P8 is a 44HD-pin-connector which connects 30 wires coming 
from underneath the lower equipment plate to the upper part of the satellite, as following: 

- 10 wires are coming from the temperature sensors of the five solar panels (two each) 
underneath the RF housing 

- 16 wires are coming from the temperature sensors of the RF housing; (probably) 5 from 
the RF-board, 3 from the PO’WER-board and 4 each from the LNA- and HPA-boards. 

- 4 wires are coming from the RF housing (analog) 

P9 is a 26HD-pin-connector which connects 24 wires. These 24 wires include; 

- 4 wires from the microswitches 

- 20 wires from the five solar panels(2 each for power and 2 each for return) located in the 
bottom section of PANSAT 

Cl -Cl 4 are coaxial cable connectors mounted to the electrical boards. The RF 
housing provides EMI shielding by “tunnels” that surround the cable connections and 
touch the boards - an EMI gasket is not needed because the .25 inches wide metal surface 
touching the boards provides enough shielding. The advantage of the design shown in 
figure 7 is that assembly and testing are a lot easier compared to a connection through the 
walls or the top, plus additional shielding and stiffness is provided. 
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Cl and C2 connect with C8 and C9, C3 and C4 lead to C5 and C6. 

C7, CIO and Cl 5 all provide the direct attachment of the antenna. 

The antenna cable will be mainly located in the top of PANSAT and then goes through 
the RF housing (CIS) and ends in a filter which will be located under the POWER-board, 
from where a cable goes to a relay mounted under the LNA-board. This is necessary 
because the connection between the relay and LNA (C7) has to be as short as possible to 
minimize the noise. Another cable connecting the relay with the HPA-board ends in CIO. 

C11-C14 connect the RF circuit board with the Digital Control System (DCS) and 
are shielded by the lid of the housing. 

The maximum size of the FILTER will be 6.5x2x13 inch. The final size will be 
determined after functional testing. A position between the support cylinder and P3 and 
P2 is recommended. 

The RELAY should be mounted under the LNA-board. Its biggest dimensions are 
2x1, 4x1,4 inch and will easily fit between the out cut of Cl and the the solar panel. 



III. FINITE ELEMENT ANALYSIS 



A. MODELING THE DESIGN 

With the advent of the digital computer it is now possible to model structures 
mathematically in great detail, and to examine their behavior under all possible load 
conditions, static or dynamic. The essence of the finite element analysis (FEA) method is 
to divide the structure into a large number of discrete elements, within each of which the 
load distributions, elastic properties and boundar>' conditions are known. For each 
element appropriate parameters can be fed into the computer describing material 
properties, shape, degrees of freedom and connection to the next element. The computer 
program enables the structure to be evaluated under static loads. It is also possible to 
conduct a dynamic study (i.e. under fluctuating loads). In a dynamic simulation natural 
frequencies can be assessed and relative phase information of deflection shapes at 
different locations within the structure can be indicated. 

A finite element analyses was performed using the SDRC I-DEAS finite element 
application. The process involves the utilization of modules to perform certain tasks in 
the progress of the analysis. Process modules are defined as “ Tasks” in the IDEAS 
nomenclature. The process flow for the I-DEAS FEA software is shown in figure 8. The 
finite element modeling are provided in the following tasks. [Ref 5,6 ] 

• Geometry Modeling; creates the geometry of the structure (points, lines, surfaces) 
without any material properties 

• Beam Section Modeling: creates the cross section of beam elements and 
derives/modifies the properties 

• Mesh Creation; creates nodes and elements; defines material properties and physical 
properties; defines and generates element meshes; and performs quality checks for 
coincident nodes and elements 

• Boundary Conditions: defines case sets and creates restraint sets and load sets 
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• Model Solution; defines type of analysis, case sets used, and solution parameters to 
create data analysis sets 

• Post-Processing: chooses data analysis sets; displays deformed geometry, stress 
contours, and animation of mode shapes; manipulates data analysis sets to create 
combined loads 




Figure 8 : I-DEAS FEA Process Flow 
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B. FINITE ELEMENT ANALYSIS RESULTS 



1 . STATIC ANALYSIS RESULTS 

Finite element analysis results show that the structure is capable of withstanding 
the loads of a shuttle launch. 

For the main housing a model of thin shell elements, each .0625 inch thick and 
0.7 inch wide, was created, with four surfaces simulating the pockets for the four boards , 
surrounded by beam cross sections 0.125 inches wide and 0.8 inches high. This size of 
the elements was chosen because this mesh structure gave results in a reasonable time. 
The number of nodes and elements of each part is listed in table 3. Lumped mass 
elements, weighing 0.1 to 0.25 lbs, were added simulating the components added to the 
parts. After generating the meshing and adding the lumped mass elements (located at 
nodes in the given mesh structure simulating the components), a boundary set was 
created. At the locations where the housing will be mounted to the lower equipment 
platform and where the boards and the lid are fixed to the housing, restraints were set in 
form of clamps, giving particular nodes no degree of freedom. 



Part 


Mass , lb. 


nodes 


elements 


main box 


3.4 


358 


314 


lid 


0.9 


351 


303 


LNA 


.5 


87 


69 


RP 


1 


154 


127 


HPA 


.5 


107 


86 


POWER 


.75 


92 


72 



Table 3. I DEAS DATA 



A linear static solution set was done for each case, using the models and boundary 
conditions described. A load set was created simulating an acceleration of 56 g’s (40x1 .4) 
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in X-direction and 28 g’s (20x1.4) in Y-, as well as Z- direction (Fig. 9 ). This will be the 
main stress forces which the housing and its payload will have to withstand. 




Figure 9. Acceleration Forces 



Shear Stress 

Von Mises, or maximum octahedral shear stress, failure criterion was used to 
determine the margins of safety for all structural elements. The biggest von Mises stress 
occurred for the combined load case of the housing. The result was 6.59 psi and the 
model is shown on the next page in Fig. 10. The results for the boards and the lid were up 
to six times less. This is much lower than the 36,000 psi yield stress value for aluminum 
6062-T6. 
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A1+A2 +A3 

RESULTS; 19-RESULTS19 

STRESS - VON MISES MIN; l.OlE-01 MAX; 6.59E+00 VALUE OPT I ON ; ACTUAL 

FRAME OF REF; PART SHELL SURFACE; TOP 




Figure 10. 



Von Mises Stress Contours for Combined Loads on the RF Housing 
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2 . 



DYNAMIC ANALYSIS RESULTS 



Natural frequency 



The RF circuit boards are populated with several components. Electrical lead 
wires connect the components to the board. These wires are very thin and if broken will 
disrupt the flow of power and information, possibly causing spacecraft failure. The 
intense loads placed on the satellite during the launch environment will cause the circuit 
boards to vibrate, producing bending stresses in the electrical leads. If these stresses are 
high enough, the wires will break. 

Whether or not the wires break is a function of several factors, including board 
weight, component size, launch loads, how and where the components are mounted to the 
board, how long the vibrations last, what type of strain relief the lead wires have and the 
natural frequency of the board. These factors all have their most severe effect during 
resonant conditions; therefore the examination of the natural frequency is of major 
importance. 



Before starting an IDEAS run with the FEA model a quick evaluation is being 
made considering the natural frequency. This can be approximated using the Rayleigh 
method [Ref. 4 ]. A ’’worst case” of a rectangular plate, 7x7 inches was chosen, fixed 
along all four edges and maximum displacement in the center (7 inches is about the 
distance between the center and the edge of the RF housing). 

The natural frequency is: 



/„ = 



1.96 



K 



D ■ 5.02 



= 232.93 Hz 



_ P-° 

a = board length / width , 14 in. 
mass 4.0 4 



P = 



area g-o^ 386-7 



= 5.29 X 10 E-04 lb. sec'/in.^ 
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Z) = 



Eh' 



( plate stiffness factor ) 



E = modulus of elasticity, 9.9x10^ psi 

h = plate thickness, 0.065 in 

(j, = Poisson’s ratio, dimensionless , 0.3 



Therefore the worst case is nearly five times the frequency required (50 Hz); see Chapter 
II.A.l. 



The deflection will be a maximum at the center and is given by 

J, =9.8*G„, *0/ /„' =0.046 in. 
where: 

6r = deflection (in inches) 

Gjn = peak input accelaration (12*1 .4) 

Q “ ~ transmissibility 

f„ = natural frequency [Ref.4]. 

Q is related to the square root of the natural frequency of the board. The term 
‘K’in the equation above for Q represents this relationship. K generally varies between 
0.5 and 2.0 (here 1). The value for transmissibility, Q, is approximated, since an exact 
value for K is difficult to come by without actual test data on the design under 
consideration. 
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In general finite element analysis will give better answers. With nodes and 
elements, the specific shape can be simulated more precisly. Each model was analyzed 
with boundary conditions with all sides clamped at the knodes where the boards and the 
lid are fixed to the housing and the housing is mounted to the lower equipment plate. 
Then a dynamic solution set was done for each part. The results are shown in table 4 
(frequency / structure alone). A new model was then generated, using the same meshing, 
but adding lumped mass elements weighing 0.1 or 0.25 lbs and located where the 
components could will be placed. Another solution set was done, using the same 
boundary conditions as in the first. Since the lowest natural frequency is of interest, only 
the second solution set was generated with the boards. The lid only passed the first 
solution set because obviously no masses will be added to it. 

All model results are shown in appendix E. 



Part 


Frequency , Hz 
(structure alone) 


Frequency , Hz 
(mass added) 


main box 


780.82 


385.88 


lid 


370.90 




LNA circuitboard 




350.65 


RF circuitboard 




267.13 


HPA circuitboard 




382.91 


POWER circuitboard 




334.98 



Table 4. I-DEAS Modal Summary 

The simulated result shows that the construction itself is more than capable of 
withstanding all forces arising during the lifetime of PANSAT. 
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IV. CONCLUSION 



I-DEAS software was used to develop a design for the PANS AT RF housing and 
circuit boards. The software was also used to generate finite element models and analyze 
them for structural integrity. The results indicate that the design easily met the 
requirements set forth by the Hitchhiker program for stress and natural frequency. 

The design has been developed only using software simulation. To ensure the design does 
meet the requirements, testing of the hardware is strongly recommended. 

All layouts are current as of September 1995 and the present design is a prototype. 
The size of all boards except the RF board, as well as the location of the connectors, have 
to be confirmed until the electrical layout, performed by Carl Lathi, is finished. Small 
changes are possible. 

EMI was discussed in detail in Chapter UFA. As mentioned, only actual testing 
will ensure if EMI problems do exist. The design allows only minimal adding of 
additional shielding. Therefore, negative test results could necessitate a new design. 

A thermal analysis was not performed due to the lack of data concerning the 
temperatures of the components. This aspect should be considered when accurate data 
becomes available. 

A very robust design has been developed for the RF housing and the circuit 
boards. The analysis shows that the design will exeed the requirements mandated by the 
Hitchhiker program. To ensure these requirements are met, the next logical step is to 
manufacture the part and proceed with testing. 
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APPENDIX A 



BUCKELING STRESS SAFETY MARGIN 

A panel of 14 x 14 inches is analyzed assuming a worst-case compression load of 
the structure weight at 40 g's ( 4 Ibf x 40 g’s), and a moment acting at 14 inches 
(maximum width of the housing) from the launch vehicle interface at 20 g’s ( 4 Ibf x 
Min. X 20 g’s ). Torsion is considered negligible. 

ALUMINUM 6061-T6 ANALYSIS PARAMETER 



Young's Modulus, E 
9.9 X 106 psi 



Compressive Load Moment 
160 Ibf 1120 in-lb 



Thickness, t = 0.0625 in. 



Width, w = 14 in. 



The analysis for the panel for the combined load of axial compression and bending 
follows. 

The buckling stress allowed for the design of a panel under axial load is given by [Ref.9]: 
(^cr = Ql 



W 



where, Cc = buckling stress coefficient 

t = thickness 
w = width 

Cc is given as 0. 1 5 from empirical results for clamped edges. 



The stress ratio for axial compression is 



31 



K= — = 0.02 
and for bending 
= — = 0.1515 



The margin of safety for the combined load is gives as 



1 = 4.18 or 418%. 



The structure could be made thinner, but this would cause problems manufacturing the 



part. 
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APPENDIX B 



CG AND INERTIA POINT 



f the RP housing and the RF lid without considering the load of the circuitboards: 
the following coordinates were taken as reference: 




Figure 11. Coordinate System 



RF HOUSING 



Solid surface area: 452 in^ 

Volume : 36.7 in^ 

Mass : 3.56 lb. 

Center of gravity: 

CG X : -0.19 in 




CG Y 
CG Z 

Inertia Point 
Ixx 

yy 

Izz 
Ixy 
lyz 
Ixz 

RFLID 

Solid surface area; 

Volume 

Mass : 

Center of gravity: 
CG X 
CG Y 
CG Z 

Inertia Point 
Ixx 
lyy 
Izz 
Ixy 
lyz 
Ixz 



4.43 in 
0.13 in 

center of gravity 
0.17 
0.32 
0.15 
- 0.001 
-0.0003 
-0.004 



283in^ 
9.14 in' 
0.90 lb. 



0.06 in 
4.98 in 
-0.02 in 



0.03 

0.00 

0.00 

0.00 



Local 



Local center of gravity 
0.04 
0.07 



34 



APPENDIX C 



MECHANICAL DRAWINGS 
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05 . 9 i n . 



Section B-B 



Figure 12. Envelope of the RF Housing 
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LNA-POCKET 
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Figure 13 RF Housing 
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Figure 16B HPA Pocket 
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Figure 16D LNA Pocket 
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APPENDIX D 



SWITCHING SCHEMATICS 
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RF SNITCHING SCHEMHTIC 
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Figure 21 FEA Model RF Housing without loads 
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Figure 22 FEA Model RE Housing with loads 
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Figure 24 FEA Model RE Lid (von Mises Stress ) 
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Figure 25 FEA Model LNA Board with loads 
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Figure 27 FEA Model HPA Board with loads 
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Figure 28 FEA Model 



PW Board with loads 
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